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TF41-A-2B ENGINES AT NAS ILFMOORE, CALIFORNIA

AESO Report No. 1-88
November 1987

EXECUTIVE SUMMARY ,_

Oxides of nitrogen (NOy) are an air pollutant from the testing of
gas turbine engines. Out-of-airframe engine testing is regulated by air
pollution control agencies which require NOY emissions data on applica-
tions for permits to construct and -perate engine test facilities. Aside
from continuous emissions meonitoring, current methods of determining NOg
emissions from test cells depend on the availability of accurate records
of engine operational data. This degree of record keeping is excessive
given the difficult conditions under which engine testing is normally
conducted. To avoid excessive record keeping, the Aircraft Envirormental e
Support Office recommends a simple procedure for ‘the determination ofyNOy'
emissions. Its use depends only on accurate records of fuel usage for
each engine test run.

The procedure involves the use of a correlation coefficient which
relates the weight (pounds) of NO, emissions to the weight (pounds) of
fuel consurned during engine testing. The coefficient is characteristic
of a given engine type, demonstrating little variation amcng individual
angines. This report establishes a correlation ccefficient for the
TF41-A-2E engine based on actual emissions data and the run sheets frcm
27 engine tests conducted in test cells at NAS Lemoore, California. The
correlation coefficient, equal to 0.01515 pounds of No;(‘ fcrmed per pound
of fuel consumec, determined NO; emissions to within 1% of actual values.
Arv gralysis of the statistical valldlty of the coefficient supports its
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OXIDES OF NITROGEN EMISSIONS FROM THE TESTING OF
TF41-A~2B ENGINES AT NAS LEMOORE, CALIFCRNIA

AESO Report No. 1-88
November 1987

1. INTRODUCTION

Oxides of nitrogen (NOy), a combination primarily of nitrogen oxide
and nitrogen dioxide, are an air pollutant from the testing of gas
turbine engines. Engine test cells therefore constitute a stationary
source of NO, emissions. Unless otherwise exempt, newly constructed
or modified test cells must comply with federal New Source Performance
Standards. {1} These standards were designed to regulate cperations
with continucus emissions, such as power plants and refineries. However,
engine test cells are inactive for many days of the year, and are
therefore not continucus emission sources.

The amcunt of NO, formed during engine testing is part of the
information required on applications to regulatory agencies for authority
to construct and permission to operate test facilities. To assist NAS
Lemoore in complying with local emissions regulations, the Aircraft
Envirormental Support Office (AESQ) developed a procedure for determining
NO, emissions. The procedure establishes a correlation coefficient which
refates the weight of NO, emissions produced to the weight of fuel
consumed during an engine test run. The correlation coefficient can be
used to determine NO, emissions over a specified compliance period, based
only on values of fuel usage per engine test run.

This report establishes a correlation coefficient for the TF41-A-2B
engine based on a sample of 27 engine tests conducted in test cells at
NAS Iemoore, California. An analysis of the statistical validity of the
coefficient is presented to support its use. AESO used a similar approach
in an earlier report to establish a correlation coefficient for the
F404-GE-400 engine. (2) The general approach is described in the next
section.

2. EMISSION INDEXES AND ENGINE OPERATICNAL DATA
2.1 EMISSION INDEXES

An emission index relates the amount of a pollutant in the engine
exhaust to the amount of fuel used. It is commonly expressed as pounds
of exhaust constituent per 1,000 pounds of fuel consumed. This report
considers only a single pollutant, oxides of nitrogen. The emission
index for NO, is calculated from measured concentrations of carbon
monoxide, carbon dioxide, oxides of nitrogen and hydrocarbons in the
engine exhaust.




The emission index for NOyx varies with engine power setting, being
lowest at idle and highest at full pcwer (military mode). In order to
calculate the amount of NCx formed at each power setting, an appropriate
value of the emission index must be known. To establish these values,
AESO evaluated the measured gaseous emissions data from 7 TF41-A-2B
engine test reports. (3} Each test report provides values of the
emission index for 6 power settings between idle and full power. Figure
1 shows a semi-logarithmic plot of emission index versus thrust for the
reported gaseous emissions data. A simple curve fitting program was
used to generate an exponential curve fit defined by the equation

y = aeb¥ (1)

where a and b are constants (a = 2.02 and b = 1.76 % 107" ) determined
by the program, y is the emission index and x is the thrust in pourds.
The coefficient of determination, r?, for the resulting fit is 0.93301.

Only data corresponding to thrust values in the range from 4,000
to 15,000 pounds were used to generate the curve fit. The TF41-A-2B
engine is rated at 15,000 pounds of thrust. Therefore regular engine
testing above this limit was not ccnducted. As seen from Figure 1, the
relationship between emission index and thrust is not exponential for
thrust values between idle and 4,000 pounds. For this reason an average
value of 1.6 was calculated as the emission index for idle. Equation
(1) is then used to calculate the emission index for thrust settings
within the specified range, for any TF41-A-2B engine.

2.2 ENGINE OPERATIONAL DATA

This section of the report describes the organization of the data
in Tables 1 - 27. The TF41-A-2B engine run sheets on which these tables
are based are included in Appendix A. Tables 1 ~ 9 contain engine data
from test cells at NAS Lemcore. The tests were conducted from May
through July of 1987. Tables 10 - 27 contain engine data from earlier
tests also conducted in test cells at NAS Lemoore - testing occurred from
August through November of 1985. The engine run sheets, on which these
tables are based sometimes lacked thrust and fuel consumption values at
idle and military operation. Estimated values are provided for these
parameters. At idle the TF41-A-2B demonstrates an average thrust of 640
pourds and an average fuel flow rate of 1,050 pounds per hour. At
military the average thrust is about 12,800 pounds, and the average fuel
flow rate is 8,040 pounds per hour.

The first 4 columns of each table contain the engine operaticnal
parameters. These 4 parameters are: rpm, thrust, fuel flow, and time
of operation at a specified power setting. For the purposes of this
report, rpm is used only as a means of data identification. It is not
used computationally. The rpm provides an indication of the relative
power setting for each row of data in the tables, ranging from idle
(7,000 rpm) to full power (12,800 rpm). Equation (1) and the remaining
3 parameters are then used to determine the entries in the next 3
colums; "Fuel use", "EI" and "Pounds of NO,". Section 2.3 describes
the calculations and summarizes the results.




2.3 CALCULATIONS AND SUMMARY OF RESULTS
2.3.1 CAICULIATIONS

Tables 1 - 27 present TF41-A-2B engine test data and the resulting
NO, emissions. The amount of NO, formed at each power setting is deter-
mined as follows. Each row of data in the table, identified by an rpm,
corresponds to a power setting. By using the flxed emission index at
idle (1.60) and equation (1) for all other power settings, this report
calculates an emission index for each recorded thrust value. The fuel
usage (pourds) is calculated by multiplying the fuel flow by the time,
which must first be converted into hours. A division of the fuel usage
by 1,000 (the emission index is for pounds per 1,000 pounds of fuel used)
and multlpllcatlon by the emission index then gives the "pounds of NO,"
formed at that power setting. A sumation of the NO, emissions from all
the power settings in a table gives the total NOy emlssmns for that
engine test.

Tables 1 -~ 27 conclude by calculating the total fuel consumption
and the total NO, emissions for the test. A division of the total
pounds of NO, by the total pounds of fuel used gives the pounds of NO,
formed per pound of fuel. This value is the correlation coefficient
discussed in the introduction. Note that this parameter has a function
similar to that of the emission index, although it is expressed somewhat
differently.

2.3.2 COOMPUTER PROGRAM

A FORTRAN program was used to perform the calculations and to
generate the tables. The program documentation and coding appear in
Appendix B. A catalog of envirommental calculations, also available
from AESO, 2z2ccribes how to use 4 small programmable calculator to
establish emission indexes and to estimate the amounts of NO, formed
during engine testing. {4)

2.3.3 SUMMARY OF RESULTS

The results of Tables 1 - 27 are summarized in the first 1 columns
of Table S1. Column 4 contains the correlation coefficient for the
individual engine tests. The mean correlation coefficient for the
entire sample is 0.01515 pounds of NOyx formed per pound of fuel consumed.
The standard deviation for the sample, equal to 0.00137, cuantifies the
variability of the individual test results.

Column 5 of the same table contains the calculated amounts of NO .
emissions, which are derived from the mean correlation coefficient.
The calculated amounts compare closely with the amounts determined from
the emission indexes. Column 6 reports the percentage differences for
the individual engine tests, which vary from -21.37% to +22.68%.
However, the total calculated amount of NO, emissions for the sanple
agrees to within less than 1% of the actual amount. Although individual
engine tests may demonstrate significant percentage differences, use of
the correlation coefficient to determine NO, emissions produces reliable
results for larger samples.




3.  STATISTICAL ANALYSIS

The sample used to establish the correlation coefficient in the
previous section is only a limited subset of all TF41-A-2B engine tests.
However, it is desirable to infer from this sample about characteristics
pertaining to the entire population. Statistical inference from a
sample is useful only if that sample has been randomly chosen, and is
representative of the population from which it was obtained. The 27
TF41-A-2B engine tests evaluated in this report were chosen because they
were conducted during 2 arbitrarily established calendar intervals, one
in 1985 and the other in 1987. The selection was therefore random, and
the sample should be considered representative of the population.

To demonstrate that the use of the correlation coefficient is a
statistically valid means of determining NO, emissions, it 1is necessary
to show that any apparent discrepancies between the actual and calculated
amounts of NO, are due only to random sampling error, and not to failure
of the procedure. The 2 parameters of interest, actual and calculated
NO, emissions, are not independent of each other, they are paired through
the procedure used to establish the correlation coefficient. The appll-
cable statistical method is the t-test for paired observations, which is
described in many standard texts on probability and statistics. {5} &an
extension of the t-test for paired observations is recognized by the
Envirormental Protection Agency as a method for certifying NOy monitoring

equipment. {6)

Table S2 presents the results of the statistical analysis, and
provides a brief outline of the equations used in the calculation
procedure. The first 3 columns of the table duplicate information
from Table S1, while the next 2 columns report the intermediate results.
The important statistical parameters are then summarized at the bottom
of the table.

The values in column 4 are the differences between the actual and
the calculated amounts of NO, for each engine test. The estimated
standard deviation, a value which describes the variability among these
differences, is used to derive a standard error for the mean of differ-
ences. The standard error quantifies how well the mean difference for
the sample estimates the mean difference for the population, which is
usually zero. From the estimated standard error, and an appropriate
t-value, confidence limits for the sample mean difference can be
determined.

95% confidence limits, based on a two-tailed test, are appropriate.
The expected confidence interval for the sample mean difference is '
then 1.66 + 5.40. The absolute magnitude of this confidence interval
determines the relative accuracy, which describes how closely the proposed
procedure compares to the reference method (calculation of NO, emissions
based on the emission indexes). The relative accuracy determined from
this statistical analysis is 3.79%. This means that one can be 95%
confident that the correlation coefficient will determine NOy emissions
which are within 3.79% of emissions calculated by using the emission
indexes.
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4. COONCILSLONS

~.e rate at which the testing of TF41-A-2B engines produces NO,
emissions can be expressed as a correlation coefficient. This coeffi-
cient can then be used to determine the amount of NO, emissions formed
during any engine test, based only on records of fuel consumption.
The correlation coefficient for the TF41-A-2B engine is 0.01515 pounds
of NOyx formed per pound of fuel consumed. An analysis of the
statistical validity of the coefficient supports its use.
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TABLE S1. Sumary of oxides of nitrogen emissions from the testing
of TF41-A-2B engines at NAS Lemoore
Table Pourds of NOx Pounds of Pounds of NOx Pounds of NOx %
per test fuel used per pourd of (calculated) difference
in test fuel used in (a) (b)
test
1 72.06 5099.4 0.01413 77.26 7.22
) 2 54.38 4087.2 0.01330 61.92 13.87
3 214.77 14579.0 0.01473 220.87 2.84
4 111.37 7038.3 0.01582 106.63 -4.26
5 42.03 2743.3 0.01532 41.56 -1.12
6 122.26 8096.9 0.01510 122.67 0.34
7 111.45 7739.3 0.01440 117.25 5.20
8 114.96 8019.2 0.01434 121.49 5.68
9 185.04 13081.0 0.01415 198.18 7.10
10 192.06 14427.7 0.01331 218.58 13.81
11 524.00 33635.1 0.01558 509.57 =-2.75
12 473.31 30676.1 0.01543 464.74 -1.81
13 338.98 22433.6 0.01511 339.87 0.26
14 140.86 9630.8 0.01463 145.91 3.59
15 182.55 9474.5 0.01927 143.54 -21.37
16 165.47 10128.4 0.01634 153.45 -7.26
17 168.64 12132.5 0.01390 183.81 9.00
18 202.57 12454.8 0.01626 188.69 -6.85
19 122.77 "~ 7748.0 0.01584 117.38 -4.39
20 60.24 4878.1 0.01235 73.90 22.68
21 108.22 7446.8 0.01453 112.82 4,25
22 169.24 11738.5 0.01442 177.84 5.08
23 222.60 14510.3 0.01534 219.83 -1.24
24 211.86 12540.3 0.01689 189.99 -10.32
25 330.69 21292.3 0.01553 322.58 -2.45
26 173.44 10563.1 0.01642 160.03 ~-7.73
27 212.38 12734.2 0.01668 192.92 -9.16
totals £n28.20 4983.28 -0.89
mean 0.01515
standard deviation 0.00137

(a) Pounds of NOx (calculated) is determined by multiplying the pounds
of fuel used in a given test by the mean correlation coefficient as
established from the 27 actual test runs.

(b) % difference = pounds of NOx (calc'd) - pounds of NOx (per test) x 100
pounds of NOX (per test)
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TABIE 1. Emission of oaides of nitrogen fram the testing of
a TF41 engine at NAS Lemoore (Engine Serial Number: 141011)

Date: 7/ 7/1987

RPM  THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx
(1b) (Ib/hr)  (MIN)  (1b)

12001 8810 5578 6 557.8  9.52 5.31
12187 9920 6346 6 634.6 11.58  7.35
12427 11380 2462 5 621.8 14.97  9.31
12645 12440 8343 6 834.3 18.04  15.05
11958 8420 5351 5 445.9  8.89  3.96
12230 10010 6483 5 540.2 11.76  6.35
12480 11460 7562 5 630.2 15.18  9.57
12694 12480 8345 6 834.5 18.17  15.16
Pourds of fuel used in test 5099.4

Pounds of NOX per test 72.06

Pourds of NOx per pourd of fuel used in test = 0.01413

Emission index (EI) for NOx is expressed as poﬁnds of NO, per
1000 pounds of fuel. 2

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flcw are estimated.

8




TABLE 2. PEnission of oxides of nitrogen from the testing of
a TF41 engine at NAS lemoore (Engine Serial Number: 141505)

Date: 7/ 9/1987

REM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

11991 8550 5525 5 460.4 9.10 4.19
12192 9950 6410 5 534.2 11.64 = 6.22
12531 11480 7614 5 634.5 15.23 9.67
12786 12520 8557 5 713.1  18.29 13.05
12018 8550 5625 6 562.5 9.10 5.12
12225 10040 6525 5 543.7 11.82 6.43
12543 11470 7665 5 638.7 15.21 9.71
Pourds of fuel used in test 4087.2

Pourds of NOX per test 54.38

Pourds of NOx per pound of fuel used in test = 0.01330

Emission index (EI) for NOx is expressed as unds of NO
1000 pounds of fuel. P s

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust ard fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust amd fuel flow are estimated.

9




TABIE 3. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Lemcore (Engine Serial Number: 141430)

Date:  6/23/1987

RPM THRUST FUEL FIOW TIME FUEL USE EI ~ PCUNDS NOx

(1b) (1b/hr) (MIN) (1b)
11712 8570 5281 5 440.1  9.13 4.02
11969 10010 6243 5 520.2 11.76 = 6.12
12334 11540 7280 5 606.7 15.40 9.34
12815 13450 9040 5 753.3  21.55  16.23
11739 8430 5246 5 437.2  8.91 3.89
12030 10060 6363 5 530.2 11.87 6.29
12308 11420 7375 5 614.6 15.07 9.26
12684 13310 8793 5 732.7 21.02  15.41
11895 8500 5381 6 538.1  9.02 4.85
12144 9970 6363 7 742.3  11.68 8.67
12435 11380 7415 7 865.1 14.97  12.95
12780 12960 8758 5 729.8 19.77  14.43
11954 8500 5409 8 721.2 9.02 6.50
12208 10020 6464 7 754.1 11.78 8.89
12472 11350 7418 8 989.1 14.89  14.73
12779 12880 8633 7 1007.2 19.49  19.63

Emission index (EI) for NOx is expressed as poﬁnds of NO, per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at

military. The correspording thrust and fuel flow are estimated.

10
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TABIE 3 (continued)

R THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

L ()  (lb/hr)  (MIN)  (lb)
12016 8680 5545 6 554.5 9.31 5.16
12248 10160 6553 8 873.7 12.08 10.55
12522 11470 7550 7 880.8 15.21 . 13.40
12788 12730 8586 9 1287.9 18.98 ° 24.45
Pounds of fuel used in test 14579.0
Pounds of NOx per test 214.77

Pourds of NOx per pourd of fuel used in test = 0.01473

Emission index (EI) for NOx is expressed as poﬁnds of NO, per
— 1000 pounds of fuel.

(2) An rpm of 7000 irdicates that the ergine is operating at
idle. The correspording thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at
i military. The correspondirg thrust and fuel flow are estimated.

——
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TARIE 4. Bmission of oxides of nitrogen fram the testing of
a TF4l engine at NAS ILemoore (Engine Serial Number: 141011)

Date: 5/21/1987

RPM THRUST FUEL FIOW TIME FUELUSE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

11743 8630 5959 8 794.5  9.23 7.33
11979 10130 6639 8 885.2 12.01  10.63
12218 11500 7723 7 901.0 15.29  13.78
12596 13270 8847 9 1327.1 20.88  27.70
11738 8550 5356 7 624.9  9.10 5.68
12022 10170 6449 6 644.9 12.10 7.80
12274 11580 7475 6 747.5 15.51  11.59
12811 14090 9542 7 1113.2 24.12  26.85
Pourds of fuel used in test 7038.3

Pourds of NOx per test 111.37

Pounds of NOx per pourd of fuel used in test = 0.01582

Bndssion index (EI) for NOx is expressed as pourds of NO, per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust ard fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.

12
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TABIE 5. Emission of oxides of nitrogen from the testing of
o a TF41 engine at NAS Lemoore (Engine Serial Number: 142542)

Date: 6/16/1987

RFM THRUST FUEL FION TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)
11804 8430 5320 5 443.3  8.91 3.95
12124 10320 6586 6 658.6 12.42 ~ 8.18
12364 11500 7483 5 623.6 15.29 9.53
12686 13030 8724 7 1017.8 20.01  20.37
Pourds of fuel used in test 2743.3
Pourds of NOx per test 42.03

Pourds of NOx per pournd of fuel used in test = 0.01532

Emission index (EI) for NOx is expressed as poimds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 imdicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TARIE 6. BEmission of oxides of nitrogen from the testing of
a TF4l engine at NAS Lemocore (Engine Serial Number: 141483)

Date: 6/18/1987
REM  THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOX
(1b) (1b/hr) (M) (1b)
11707 8760 5479 5 456.6  9.44 4.31
11993 10160 6398 5 533.2 12.08  6.44
12258 11410 7313 6 731.3  15.05  11.00
12651 13210 8852 5 737.7 20.66  15.24
11707 8470 5310 6 531.0  8.97 4.76
12028 10020 6381 7 744.5 11.78 8.77
12319 11340 7357 6 735.7 14.86  10.94
12742 13380 8962 6 896.2 21.28  19.08
11772 8630 5530 6 553.0  9.23 5.10
12055 10040 6371 5 530.9  11.82 6.28
12344 11510 7441 6 744.1 15.32  11.40
12767 13300 9028 6 902.8 20.99  18.95
Pounds of fuel used in test 8096.9
Pounds of NOx per test 122.26

Pourds of NOx per pourd of fuel used in test = 0.01510

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pounds of fuel. 2

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The correspcnding thrust and fuel flow are estimated.
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TARIE 7. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Lemoore (Engine Serial Number: 141931)

Date:  6/24/1987

REM  THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOX

(1b) (1b/hr) (MIN) (1b)

11905 8670 5651 5 470.9  9.29 4.38
12097 10010 6426 5 535.5 11.76 ~ 6.30
12348 11410 7389 6 738.9  15.05  11.12
12697 13050 8827 5 735.6 20.08  14.77
11945 8580 5555 5 462.9  9.14 4.23
12185 10020 6608 5 550.7 11.78 6.49
12461 11520 7537 6 753.7 15.3¢  11.56
12620 12300 8200 6 820.0 17.60 14,43
11925 8570 5459 7 636.9  9.13 5.81
12177 10070 6551 5 545.9  11.89 6.49
12438 11550 7668 5 639.0 15.42 9.86
12644 12690 8493 6 849.3 18.85  16.01
Pounds of fuel used in test 7739.3

Pounds of NOx per test 111.45

Pounds of NOx per pound of fuel used in test = 0.01440

Bnission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABL. 8. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Lemoore (Engine Serial Number: 141619)

Date:  7/10/1987

RPM THROST FUEL FIOW TIME FUEL USE EI =~ POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

11945 8740 5630 5 469.2 9.41 4.41
12160 10000 6500 6 650.0 11.74 = 7.63
12467 11460 7561 6 756.1 15.18 11.48
12618 12220 8165 6 816.5 17.35 14.17
11931 8660 5491 6 549.1 9.27 5.09
12108 10000 6520 5 543.3 11.74 6.38
12469 11520 7589 7 885.4 15.34 13.58
12712 12570 8486 6 848.6 18.46 15.66
11945 8520 5465 5 455.4 9.05 4.12
12239 10180 6663 5 555.2 12.12 6.73
12506 11590 7653 5 637.7 15.53 9.91
12733 12590 8526 6 852.6 18.52 15.79
Pounds of fuel used in test 8019.2

Pounds of NOx per test 114.96

Pourds of NOx per pourd of fuel used in test = 0.01434

Emission index (EI) for NOx is expressed as pourds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The correspording thrust and fuel flow are estimated.
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TARLE 9. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Iemoore (Egine Serial Number: 141359)

Date: 7/15/1987

e ant

RPM THRUST FUEL FIOW TIME FUEL USE EI ~ POUNDS NOx

"-’ (1b) (1b/hr) (MIN) (1b)

o 11849 8450 5271 7 éiS.O 8.94 5.50

- 12183 10040 6390 7 745.5 11.82 1 8.81

. 12490 11350 7410 6 741.0 14.89 11.03

. 12708 12350 8230 8 1097.3 17.76 19.48

: 11930 8500 5400 6 540.0 9.02 4.87
12165 9990 6375 7 743.7 11.72 8.72
12485 11470 7485 7 873.2 15.21 13.28
12646 12100 8020 7 935.7 16.99 15.90
11975 8550 5440 7 634.7 9.10 5.77
12230 10020 6503 7 758.7 11.78 8.94
12525 11450 7545 8 1006.0 15.15 15.25
12760 12550 8435 ] 7 984.1 18.39 18.10
11985 8540 ' 5430 7 633.5 9.08 5.75
12250 9950 6420 6 642.0 11.64 7.47
12545 11450 7515 8 1002.0 15.15 15.18
12790 12610 8465 8 1128.7 18.59 20.98
Pounds of fuel used in test 13081.0
Pourds of NOx per test 185.04

Pounds of NOx per pound of fuel used in test = 0.01415

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust ard fuel flow are estimated.
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. TABIE 10. Emission of oxides of nitrogen frem the testing of
a TF41l engine at NAS Lemoore (Engine Serial Number: 141252)
Date: 8/ 2/1985

RPM  THRUST FUEL FIOW TIME FUELUSE EI  POUNDS NOx
(1b) (Io/br)  (MIN)  (1b)

7000° 640 1050 150 2625.0  2.26 5.93
11450 8762 5478 5 456.5  9.44  4.31
11798 10585 6762 5 563.5 13.01 7.33
12009 11826 7531 12 1506.2  16.19  24.39
12272 13091 8553 5 712.7  20.23  14.42
11318 8304 5152. 5 429.3 8.7 3.74
11492 9320 5814 5 484.5 10.42 5.05
11763 10741 6791 10 1131.8  13.38  15.14
12116 12612 8161 7 952.1 18.59  17.70
11355 8572 5320 6 532.0  9.13 4.86
11643 10201 6421 6 642.1 12.16  7.81
11972 11865 7634 6 763.4  16.30  12.45
12101 12545 8130 7 948.5 18.38  17.43
12800 . 12800 8040 20 2680.0 19.22  S51.51
Pounds of fuel used in test 14427.7
Pourds of NOx per test 192.06

Pounds of NOx per pourd of fuel used in test = 0.01331

Emission index (EI) for NOx is expressed as poﬁnds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 irdicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the ergine is operating at
military. The correspording thrust and fuel flow are estimated.
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TABIE 11. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Iemoore (Engine Serial Number: 141298)
Date: 8/12/1985

RFM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOX

(1b) (1b/hr) (MIN) (1b)
7000a 640 1050 220 38%0.0 2.26 8.70
11449 8760 5531 8 737.5 9.44 - 6.96
11726 10396 6519 9 977.8 12.59 12.31
11941 11442 7299 14 1703.1 15.13 25.77
12221 12786 8402 7 980.2 19.17 18.79
11476 8953 5599. 7 653.2 9.77 6.38
11725 10301 6483 7 756.3  12.38 9.36
12012 11809 7541 8 1005.5 16.14 16.23
12346 13594 8905 8 1187.3  22.10 26.24
11405 8691 5426 6 542.6 9.33 5.06
11849 10948 7010 6 701.0 13.87 9.72
12020 11841 7616 6 761.6 16.23 12.36
12520 14412 - 9688 6 968.8  25.52 24.73
11446 8895 5553 6 555.3 9.67 5.37
11694 10247 6419 6 641.9 12.26 7.87
12023 11851 7646 12 1529.2 16.26 24.87

Pnission index (EI) for NOx is expressed as pourﬁs of NO, per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is cperating at

idle. The correspording thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is cperating at

military. The corresponding thrust and fuel flow are estimated.
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TABLE 11 (continued)

RFM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

12219 12922 8425 8 1123.3 19.64  22.06
11422 8699 5391 6 539.1  9.34 5.03
11693 10256 6423 6 642.3 12.28  7.89
12010 11824 7565 6 756.5 16.19  12.24
12516 14339 9624 6 962.4 25.20  24.25
12800b 12800 8040 90  12060.0 19.22 231.78
Pounds of fuel used in test 33635.1

Pourds of NOx per test 524.00

Pourds of NOx per pound of fuel used in test = 0.01558

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at

military. The corresponding thrust and fuel flow are estimated.
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TABIE 12. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Lemoore (Engine Serial Number: 141234)

Date: 10/ 5/1985

RFM THRUST FUEL FIOW TIME FUEL USE EI ~ POUNDS NOx

(1b) (1o/hr) (MIN) (1b)

7000a 640 1050 140 2456.0 2.26 5.54
11479 8767 5338 8 711.7 9.45 "6.73
11765 10346 6375 8 §50.0 12.48 10.61
12069 11910 7511 14 1752.6  16.43 28.80
11589 9278 5727 8 763.6 10.34 7.90
11901 10776 6870 - 8 916.0 13.46 12.33
12203 12449 8039 7 937.9 18.07 16.95
12568 14234 9506 9 1425.9 24.74 35.27
11518 8894 5426 8 723.5 9.66 6.99
11757 10248 6358 8 847.7 12,26 10.40
12020 11598 7336 12 1467.2 15.55 22.82
12350 13216 8599 8 1146.5 20.68 23.71
11539 8964 5495 8 732.7 9.78 7.17
11787 10465 6411 8 854.8 12.74 10.89
12017 11644 7285 8 971.3 15.68 15.23
12425 13563 8877 8 1183.6 21.98 26.02

Fmission index (EI) for NOx is expressed as pouhds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 12 (continued)

RPM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

11610 8784 5532 5 461.0  9.48 4.37
11843 10289 6499 5 541.6 12.35 6.69
12156 11770 7665 11 1405.2 16.03 ' 22.53
11538 8603 5400 5 450.0 9,18 ~ 4.13
11800 10230 6483 5 540.2 12.23 6.61
12113 11940 7779 10 1296.5 16.52 21.42
12371 13356 8765 6 876.5 21.19 18.58
12800b 12800 8046 55 7370.0 19.22 141.64
Pounds of fuel used in test 30676.1

Pounds of NOx per test 473.31

Pourds of NOx per pound of fuel used in test = 0.01543

Enission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(2) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at

military. The corresponding thrust and fuel flow are estimated.
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TABLE 13. Bmission of oxides of nitrogen fram the testing of
a TF41l engine at NAS Lemoore (Engine Serial Number: 141494)

Date:  9/10/1985

RFM THRUST FUEL FICW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

7000a 640 ‘1050 175 30é2.5 2.26 6.92
11617 8958 5455 5 454.6 9.77 = 4.44
11844 10264 6438 5 536.5 12.30 6.60
12089 11850 7383 9 1107.4 16.26 18.01
12541 14120 9281 6 928.1 24.25 22.50
11603 8901 5442 6 544.2 9.68 5.27
11833 10459 6492 6 649.2 12.73 8.26
12083 11848 7408 7 864.3 16.25 14.05
12522 14047 9225 7 1076.2 23.94 25.76
11613 8957 5521 6 552.1 9.77 5.40
11883 10751 6685 7 779.9  13.40 10.45
12101 11983 7570 7 883.2 16.64 14.70
11588 8971 5484 5 457.0 9.80 4.48
11766 10298 6318 5 526.5 12.37 6.51
12042 12869 7494 5 624.5 16.31 10.19
12386 13573 8812 5 734.3  22.02 16.17

Emission index (EI) for NOx is expressed as pcunds of NO, per
1000 pounds of fuel.

(2) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated,

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated,
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TABIE 13 (continued)

" RIM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOX

(1b) (b/hr) (MIN) (1b)

11536 8747 5317 5 443.1  9.42 4.17
11786 10309 6408 5 534.0 12.40 6.62
12067 11887 7494 6 749.4  16.37  12.26
12429 13738 8965 6 896.5 22.67  20.32
12800b 12800 8040 45 6030.0 19.22  115.89
Pourds of fuel used in test 22433.6

Pounds of NOx per test- 338.98

Pourds of NOx per pound of fuel used in test = 0.01511

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel,

(a) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABIE 14. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Lemoore (Engine Serial Number: 141477)

Date: 8/26/1985

RPM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

7000 €40 1050 40 700.0  2.26 .1.58
11524 8697 5383 6 538.3  9.33 °  5.03
11744 10226 6354 6 635.4 12.22 7.76
12022 11764 7474 12 1494.8  16.02  23.94
12333 13393 8731 7 1018.6 21.33  21.73
11359 8688 5457 10 909.5  9.32 8.48
11726 10167 6311 10 1051.8 12.09  12.72
12063 11933 7634 10 1272.3  16.50  20.99
12800 12800 8040 15 2010.0 19.22  38.63
Pourds of fuel used in test $630.8
Pounds of NOx per test 140.86

Pounds of NOx per pound of fuel used in test = 0.01463

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The correspording thrust and fuel flow are estimated.
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TABIE 15. Emission of oxides of nitrogen from the testing of
a TF4l engine at NAS Lemcore (Engine Serial Number: 141357)

Date: 9/16/1985

RPM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1o/hr) (MIN) (1b)

7000a 640 1050 60 1050.0 2.26 2.37
11607 8940 5579 5 464.9 9.74  4.53
11767 10275 6453 5 537.7 12.32 6.63
12079 11943 7613 10 12€8.8 16.53 20.97
12391 13557 8809 6 880.9 21.96 19.34
11582 8857 5551 5 462.6 9.60 4.44
11843 10530 6644 5 553.7 12.89 7.14
12061 11963 7653 5 637.7 16.59 10.58
12492 19142 9381 6 938.1 58.68 55.05
12800b 12800 8040 20 2680.0 19.22 51.51
Pourds of fuel used in test 9474.5
Pounds of NOx per test 182.55

Pourds of NOx per pourd of fuel used in test = 0.01927

Ernission index (EI) for NOx is expressed as pourds of NO, per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 16. Emission of oxides of nitrogen from the testing of
— a TF4l engine at NAS lemoore (Engine Serial Number: 141551)

Date:  8/20/1985

REM THRUST FUEL FIOW TIME FUELUSE EI  POUNDS NOx
(1b) (1b/hr) (MIN) (1b)

7000 640 1050 70 1225.0  2.26  2.77
11564 8744 5385 4 359.0 9.41  3.38
11801 10250 6391 4 426.1  12.27 5.23
12078 11803 7479 9 1121.8 16.13  18.09
12497 13822 9139 6 913.9  23.01  21.03
11545 8691 5358 5 446.5  9.33 4.16
11796 10329 6387 5 532.2  12.44 6.62
12088 11831 7540 5 628.3 16.21  10.18
12603 14587 9647 7 1125.5 26.32  29.63
12800 12800 8040 25 3350.0 19.22  64.38
Pounds of fuel used in test 10128.4
Pourds of NOx per test 165.47

Pounds of NOx per pourd of fuel used in test = 0.01634

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at

idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 17. Emission of oxides of nitrogen fram the testing of
a TF41 ergine at NAS Lemoore (Engine Serial Number: 141511)

Date: 8/ 5/1985
RFM  THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx
(1b) (1b/hr) (MIN) (1b)

a

7000 640 1050 100 1750.0  2.26 3.96
11632 8862 5467 7 637.8  9.61 ~  6.13
11845 10210 6336 7 739.2 12.18 9.01
12005 11454 7137 13 1546.3 15.17  23.45
12193 12705 8045 7 938.6 18.90  17.74
11512 8140 5077 6 507.7  8.46 4.30
11695 9327 5772 6 577.2  10.43 6.02
11889 10575 6650 6 665.0 12.99 8.64
12042 11819 7506 6 750.6 16.17  12.14
12800b 12800 8040 30 4020.0 19.22  77.26
Pourds of fuel used in test 12132.5
Pourds of NOx per test . 168.64

Pourds of NOx per pourd of fuel used in test = 0.01390

Emission index (EI) for NOx is expressed as podnds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.
(b) An rpm of 12800 indicates that the engine is operating at

military. The corresponding thrust and fuel flow are estimated.
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TABLE 18. Emission of oxides of nitrogen from the testing of
a TF41 ergine at NAS lemoore (Engine Serial Number: 141612)
Date: 8/ 6/1985
RFM THRUST FUEL FIOW TIME FUEL USE EI PCUNDS NOx
(1b) (1b/hr) (MIN) (1b)
7000 640 1050 55 962.5  2.26 2.18
11518 8793 5405 7 630.6 9.49 5.99
g 11811 10406 6541 7 763.1 12.61 9.62
12096 11998 7573 14 1767.0 16.69 29,49
12453 13677 8955 7 1044.7 22.43 23.43
11537 8796 5439 6 543.9 9.50 5.17
11836 10603 6640 7 774.7 13.06 10.11
12108 12075 7641 7 891.5 16.92 15.08
12481 13805 9058 7 1056.8 22.94 24.24
12800b 12800 8040 30 4020.0 16.22 77.26
Pourds of fuel used in test 12454.8
Pounds of NOX per test 202.57

Pourds of NOx per pound of fuel used in test = 0.01626

Emission index (EI) for NOx is expressed as powds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the erngine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The correspording thrust and fuel flow are estimated.
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TABLE 19. Emission of oxides of nitrogen from the testing of
a TF4l1 ergine at NAS Iemoore (Engine Serial Number: 141630)
Date: 8/24/1985

RM THRUST FUEL FIOW TIME FUEL USE EI POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

7000 640 1050 30 525.0  2.26  1.19
11547 8710 5376 5 448.0 9.36 °  4.19
11782 10276 6430 5 535.8 12.33 6.60
12054 11839 7535 9 1130.2 16.23 18.34
12502 14027 9364 5 780.3 23.85 18.61
11546 8765 5405 5 450.4 9.45 4.26
11779 10280 6451 5 537.6 12.33 6.63
12149 12206 7927 5 660.6 17.31 11.44
12800 b 12800 8040 20 2680.0 19.22 51.51
Pourds of fuel used in test 7748.0
Pourds of NOx per test 122.77

Pourds of NOx per pourd of fuel used in test = 0.01584

Enission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(2) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel fiow are estimated.
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TABLE 20. Emission of oxides of nitrogen from the testing of
a TF41 engine at NAS Iemcore (Engine Serial Number: 141952)

Date: 8/ 2/1985

RPM THRUST FUEL FLOW TIME FUELUSE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

7000% 640 1050 60 1050.0  2.26  2.37
11420 8687 5407 5 450.6  9.32 - 4.20
11584 9808 6112 5 509.3  11.35 5.78
11743 10722 6728 8 897.1 13.33  11.96
11966 11802 7573 5 631.1 16.12  10.17
12800° 12800 8040 10 1340.0 19.22  25.75
Pounds of fuel used in test 4878.1
Pounds of NOX per test 60.24

Pounds of NCx per pourd of fuel used in test = 0.01235

Emission index (EI) for NOx is expressed as poimds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engire is operating at
idle. The correspording thrust ard fuel flow are estimateg.

(b) An rpm of 12800 indicates that the engine is operating at
military. The correspording thrust and fuel flow are estimated.
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TABIE 21. Emission of oxides of nitrogen fram the testing of
a TF41 erngine at NAS Lemcore (Engine Serial Nurber: 141952)

Date: 8/13/1985

RFM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

7000° 640 1050 50 875.0  2.26 1.98

11414 8562 5366 6  536.6 9.12 4.8

11678 9855 6251 7 729.3 11.45  8.35
) 11925 10974 7060 14 1647.3  13.94  22.96

12267 12717 8388 7 978.6 18.94  18.53

12800° 12800 8040 . 20 2680.0 19.22  51.51

Pounds of fuel used in test 7446.8

Pounds of NOx per test 108.22

Pourds of NOx per pound of fuel used in test = 0.01453

Emission irdex (EI) for NOx is expressed as pourﬁs of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 22. Emission of oxides of nitrogen from the testing of
. a TF41 erngine at NAS Lemoore (Engine Serial Number: 141952)

Date:  9/23/1985

REM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

70000 640 1050 75 1312.5  2.26 2.97
11403 8458 5257 5 438.1  8.95  3.92
11646 9764 6150 5 512.5 11.26 5.77
11890 10942 6941 10 1156.8 13.86  16.03
12242 12689 8230 5 685.8 18.85  12.93
11561 9338 5842 . 9 876.3  10.45 9.16
11766 10266 6534 9 980.1 12.30  12.06
11979 11382 7242 9 1086.3 14.97  16.27
12800° 12800 8040 35 4690.0 19.22  90.14
Pounds of fuel used in test 11738.5
Pounds of NOx per test 169.24
Pourds of NOx per pourd of fuel used in test = 0.01442

| Emission index (EI) for NOx is expressed as pounds of NO, per
- 1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rym of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABIE 23. Emission of oxides of nitrogen fram the testing of
a TF41 ergine at NAS lLemoore (Engine Serial Number: 141952)

Date:  9/27/1985

RPM THRUST FUEL FIOW TIME FUEL USE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

7000a 640 1050 120 2160.0 2.26 4.75
11480 8739 5480 5 456.7 9.40 = 4.29
11787 10353 6447 5 537.2 12.49 6.71
12105 11847 7468 9 1120.2 16.25 18.20
12578 14175 9353 7 1091.2  24.48 26.71
11483 8775 5424 5 452.0 9.46 4.28
11776 10269 6365 5 530.4 12.31 6.53
12075 11752 7417 12 1483.4 15.98 23.71
12404 13181 8569 7 999.7  20.55 20.55
11466 8689 5417 6 541.7 9.32 5.05
11767 10264 6371 6 637.1 12.30 7.84
12090 11810 7461 6 746.1 16.15 12.05
12686 14693 9725 7 1134.6  26.82 30.43
12800b 12800 8040 20 2680.0 19.22 51.51
Pounds of fuel used in test 14510.3

Pounds of NOx per test 222.60

Pourds of NOx per pound of fuel used in test = 0.01534

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The correspording thrust and fuel flow are estimated.
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TABLE 24. Emission of oxides of nitrogen fram the testing of
a TF41 ergine at NAS Leroore (Engine Serial Number: 142563)

Date:  8/15/1985

RFPM THRUST FUEL FIOW TIME FUEL USE EI  PFOUNDS NOx

(1b) (o/hr) (MIN) (1b)

11428 8802 5411 5 450.9 9.51 4.29
11804 10360 6568 5 547.3 12.51 ° 6.85
12037 11922 7548 10 1258.0 16.47 20.72
12518 14378 9553 . 6 955.3 25.37 24.24
11512 8753 5365 5 447.1 9.43 4.21
11790 10351 6523 7 761.0 12.49 9.50
12067 11946 7622 7 83%.2 16.54 14.71
12555 14536 9625 6 962.5 26.09 25.11
11527 8743 A% 5 452.9 9.41 4.26
11782 10457 6531 6 653.1 12.72 8.31
12C46 11876 7597 12 1519.4 16.33 24.82
12342 13393 8764 3 730.3 21.33 15.58
11553 SC23 5521 6 552.1 9.89 5.46
11775 10334 6527 6 652.7 12.56 8.20
12046 11930 7614 6 761.4 16.49 12.56
12492 14143 9470 6 947.0 24.34 23.05
Pourds of fuel used in test 12540.3

Pourds of NOx per test 211.86

Pourds of NOx per pound of fuel used in test = 0.01689

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel.

(a) An rpm of 70C0 indicates that the engire is operating at
idl=. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the ergine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 25. Emissicon of oxides of nitrogen fram the testing of
a TF4l ergine at NAS lemoore (Engine Serial Number: 142563)

Dete:  8/15/1985

RFM THRUST FUEL FIXW TIME FUEL USE EI =~ POUNDS NOX

(1b) (1b/hr) (MIN) (1b)
7000a 640 1050 180 3150.0 2.26 7.12
11501 8762 5379 6 537.¢9 9.44  5.08
11812 10558 6653 6 665.3 12.95 8.62
12056 11908 7605 11 1394.2 16.43 22.90
12525 14315 9538 7 1112.8  25.09 27.92
11520 8781 5403 6 540.3 9.47 5.12
11767 10387 6483 6 648.3 12.59 8.16
12071 11927 7673 6 767.3  16.48 12.65
12453 13975 9253 8 1233.7  23.63 29.16
11478 8745 £343 5 445.2 9.41 4.19
11762 10406 6480 5 540.0 12.61 6.81
12060 11992 7642 5 636.8 16.67 10.62
12584 14565 9775 6 977.5 26.22 25.63
11530 8899 5483 5 456.9 9.67 4.42
11762 10418 6516 5 543.0 12.64 6.86
12078  1198&0 7682 6 7€8.2 16,64 12.78

Emission index (EI) for NOx is expressed as poﬁnds of NO, per
10C0 pournds of fuel.

(a) An rpm of 70C0 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust ard fuel flow are estimated.
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TABLE 25 (continued)

R THRUST FUEL FIOW TIME FUEL USE EI ~ POUNDS NOx

(1b) (1b/hr) (MIN) (1)

12581 14525 9823 7 1146.0 26.04  29.84
11543 8935 5492 6 549.2  9.73 5.35
11780 10398 6546 6 654.6 12.59  8.24
12062 11970 7681 6 768.1 16.61  12.76
12438 13864 9230 7 1076.8  23.18  24.96
12800b 12800 8040 20 2680.0 19.22  51.51
Pounds of fuel used in test 21292.3

Pourds of NOx per test 330.69

Pounds of NOx per pourd of fuel used in test = 0.01553

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pounds of fuel.

(a) An rpm of 7000 indicates that the engine is operating at
idle. The corresponding thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engine is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE 26. Emission of oxides of nitrogen fram the testing of
a TF4l engine at NAS lemoore (Engine Serial Number: 142596)

Date: 10/21/1985

RPM THRUST FUEL FIOW TIME FUEL USE EI ~ POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

70002 640 1050 75 1312.5  2.26 2.97
11483 8600 5360 5 446.7  9.18  4.10
11727 9891 6231 5 519.2  11.52 5.98
120556 11651 7401 10 1233.5 15.73 19.40
12545 14136 9402 5 783.5 24.31  19.05
11440 8500 5262 5 438.5  9.02 3.95
11706 9817 6171 5 514,2  11.37 5.85
12019 11440 7296 5 608.0 15.13 9.20
12741 15022 10177 8 1356.9 28.42  38.56
12800b 12800 8040 25  3350.0 19.22  €4.38
Pourds of fuel used in test 10563.1
Pourds of NOx per test 173.44

Pourds of NOx per pourd of fuel used in test = 0.01642

Fmission index (EI) for NOx is expressed as pcunds of NO, per
1000 pourds of fuel.

(a) An rpm of 7000 indicates that the engire is operating at

idle. The corresponding thrust ard fuel flow are estimated.
(b) An rpm of 12800 irdicates that the engine is operating at
military. The correspording thrust and fuel flow are estimated.
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TABLE 27. BEmission of oxides of nitrogen from the testing of
- a TF41 engine at NAS Lemoore (Engine Serial Number: 142599)

Date: 11/15/1985

RFM THRUST FUEL FIOW TIME FUELUSE EI  POUNDS NOx

(1b) (1b/hr) (MIN) (1b)

-= 7000° 640 1050 50 875.0 2.26 1.98
- 11556 8672 5557 7 648.3 9.29  6.03
) 11759 10182 6516 8 868.8 12.12 10.53

12077 11757 7711 12 1542.2  16.00 24.67
12485 13756 9314 7 1086.6 22.74 24.71
11556 8650 5403. 5 450.2 9.26 4.17
11817 10279 6494 7 757.6  12.33 9.34
12090 11790 7610 7 887.8 16.09 14.28
12587 14218 9585 10 1597.5 24.67 39.41
12300b 12800 8040 30 4020.0 19.22 77.26
Pourds of fuel used in test 12734.2

Pourds of NOx per test 212.38

Pourds of NOx per pound of fuel used in test = 0.01668

Emission index (EI) for NOx is expressed as pounds of NO, per
1000 pourds of fuel,

(a) An rpm of 7000 indicates that the engine is operating at
idle. The correspording thrust and fuel flow are estimated.

(b) An rpm of 12800 indicates that the engire is operating at
military. The corresponding thrust and fuel flow are estimated.
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TABLE S2. Statistical summary of emissions data for the TF41-A-2B engine

Table Pounds of NOx  Pounds of NOx  Difference a?
per test per test d
(calculated) (a)
1 72.06 77.26 -5.20 27.04
2 54.38 61.92 -7.54 56.85
3 214.77 220.87 -6.10 37.21
4 111.37 106.63 4.74 22.47
5 42.03 41.56 0.47 0.22
6 122.26 122.67 -0.41 0.17
7 111.45 . 117.25 -5.80 33.64
8 114.96 121.49 -6.53 42.64
9 185.04 198.18 -13.14 172.66
10 192.06 218.58 -26.52 703.31
11 524.00 509.57 14.43 208.22
12 473.31 464.74 8.57 73.44
13 338.98 339.87 -0.89 0.79
14 140.86 145.91 -5.05 25.50
15 182.55 143.54 39.01 1521.78
16 165.47 153.45 12.02 144.48
17 168.64 183.81 =15.17 230.13
18 202.57 188.69 13.88 192.65
19 122.77 117.38 5.39 29.05
20 60.24 _ 73.90 -13.66 186.60
21 108.22 112.82 -4.60 21.16
22 169.24 177.84 -8.60 73.96
23 222.60 219.83 2.77 7.67
24 211.86 189.99 21.87 478.30
25 330.69 322.58 8.11 65.77
26 173.44 160.03 13.41 179.83
27 212.38 192.92 19.46 378.69
totals 5028.20 4983.28 44.92 4914.25
means 186.23 184.57 1.66

Estimated standard deviation = 13.64
Estimated standard error = 2.63
95% confidence limits = *5.40

Relative accuracy = 3.79%

(a) Difference = NOx (per test) - NOx (calc'd)
See notes i - iv.
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TABLE S2. (continued)

Notes:

i. Estimated standard deviation:

S = \/zaz - (£d)?/n
d n -1

1i. Estimated standard error:

ol

w
> [a 9

iii. 95% cenfidence limits (two-tailed test):

CC = tp.35 Sa where tg g5 = 2.056 for n = 27

iv. Relative accuracy:

RA = [d4] + Jcc] x 100 where RM is the average

—

RM "reference method" value
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APPENDIX A: Engine Operational Data (Run Sheets)
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; TF 41 PERFORMANCE CALCULATION RECORD "f‘o 1‘3(?‘1 o ;ﬁ:twqg;w
ENGIME SERIAL NUMBER |U4QS4 R | SEouence Mpmer —)<(| DMTE |5 A 3D
TEST CELL NUMRER > OPERATA S, 0.0 hea @ [155E0TR R oms &
DATA TO BE STCRED/RECCRDED
DATA ‘ﬂni/ 6,--;2'/ /3:3/.‘/ f”h’J du-sv én-é*/ C---‘7"-l’ ("B"'L'
DEW POINT gq |85 [§5 [SS 1G6 |s6 [¢é | ¢4
PAMB 295012451 [29-31127.851 {29 .52]89. 2| @62 | 26
P1 29.55427.32.429.30129 .26 9 .3 129.33{2% . 50429 . § .
T 2 {73. 22 PPZ. U . 7. |20.
TF (Fuel Temp) 59. 9. Br. PL. 1. lge. g g3,
. AL ARRA 7. 772
IAB SG Jg222e Lo ° .f23 @
P3 329 |H32 1479 1632 18364 434 |7¢2 |S62
13 796 | 718 1636 |89 (748 |77/ €33 | 907
RES, VALUE \/ N2 INC I Ne 14299 w2699 42650 2597
J BCX TEMP (JBT) /\ /\ /.\ ’/.\ 9%. 19¢. 1@72. (oo,
FNO Obs 2510110180l 5E0 1 2940|& 296 1 10050 11556 |1 34 50
FNC P3| lor¢ | 11476 113395 | 7023 |lose4 | 1143014143
FNT 5593  loSeEs Y16 1125671933 |Joyaq (12¢1! |ief 24
FNT 77° cye 1nco V2006 1136 20| 956 | 1acar |1aeat 1o
NLO Obs 7425 |2¢16 (& 70 (g S o240 (7800 (glao | g
NLC 2252 1At | gos3 | Saap| 2376 | 269 | E0sC |64
MHO Obs 117908 111956 12220 12520{112/6 | /193¢ |j2210 12450
NHC 1§20 (2 [120q¢| 12342 SE 3111228 |) 264 ]! 200
. WFO_0bs $2701631¢ 12229 18550153 966 3551336 |90
WFC Ce3C 6673V [259) [9764 | S5 2 € C27| ety |44 70
wre_71° e = il =l - Sl e ol el Rl B =
PS.1 Obs 24,0 1291 {38.3432.8 {24.2179.1 {33.¢ |-Gt .
PSC $§0010 & g 45 5969|158 73140 «01¢ ot |20 C
E.P.R. % 3 [2-019 [215g 12326 | 1§42 [z.at9 [2.172 a4,
DELTA P Obs i L1436 KBS A HLE 15,2195 & [85.9 |24 .2
WAIC hoo 2901232 |7¢on | | 212.0] 122 |136.3 |2 $40
75 Obs QYo lroi2ip/o \Es 188 |4/ 196y |/ovy
5 71° 990 {ra¢z [ lizd|1t2a | &7 | @35 T |1y
TlQsc DIgs 116!l 1019902099 1) ) g %) 17187 [ 2167
} T1QS (A) [2¢T 15660 )22 712220 20 1155011982103
START TIME: [STOP TIMF.: ‘TUPAL RUN TIME hrs, min,

¥AS LEMOORE (80) 13700/14 [REV. 12-77) (FNONT}




X 4393 Jise 1315
TF 41 PERFORMANCE CALCL.ATION RECORD ™ TR89 TYPE TEST £) /<
I BT (g
FNCINE SERIAL NUMBER L“{'&Sﬁq SEQUENCE NUMBER \lqt DATE ISAW&Q
TEST CELL NUMRER Al - orERATR &, () USPECTR R 39 peas
DATA TO BE STCRED/RECCRDED
DATA é.niu @M/zv “m3w 7mﬁ'v 0.»1§'u b.ié/v 4,..;’,',,- ,g,u.a.«
PR poINT 53153 |§3 |43 |s5 |las | o5 |55
PAYD 5410554 a5 154 [29-55 25 55129 S55[29 55
2 %036 4993 99 39 43 Res -39 42937429 33429 32 |
T Q. 1. 1A e 65 Jel. [|S. Y5 '
TF  (Fuel Temp) . (N [95. | PRz, 95, (e 7. 1
. AL ARFA . 45730
1AB SG . g19e ° R0 (5D .
P 319 B9 1483 |5a [3Rol432 |85 |57, |
13 B3 N6 1816 |13 e | 177 1R2k |83y
RES, VALUE 4 14723 a230 4337
J BCX TEMP (JBT) ) P NIRRT Fo.e [qt. 9S.
FNO Obs £530 110340 [ SB[ 13310 | R 1010 11550 i 3500
FNC FQ (552 111908 | 14315872 1 [10391[11922]1357S
FNT B3 [/0649 19019 |19496 8391 | 1050312037 | 1908¢L
FNT 77° 5‘8‘(5 (089 O KT 114449 18914 lios39 |12owt | 1412)
NLO Obs _ D39 1A 19189 [37185 7235 [7770| 8IS [8Lss
NLC 1334 | 157 90T | [Tz 1003 |avoz goes|
'NHO Obs IS 15RE 1113 (AR lijen (1187 (12165 (12550 '
NHC Sl LB | 190% 1185592 uli17LT |12e01 12453 |
o WFO CObs 5118 1332 1339 199 |3210 [bzss 9270 | Ra0 i
WFC S N9 6653 | 9605 | 9535 {5403 |98 2673 19253
wrc 77° >y
PS.1 Obs . 34 1993 {32 & 1490. T -,14.4 25.2134.039 .5
psC 55|81 [616539- N3] {5549 6047 |5 () [ +47
E.P.R. [ 90 ettt 12009 24432 [1-85) [2.02 12153 [2.32»
DELTA P . Obs 4.9 199.8 | 5.3 [¢6.9 41,7 B9, |se.s g4
WAIC QD 4 | 1 [¥s- 9 o852 . 0|225. 5|23 5[254.%
15 Obs 246 11034 11077 (1171 1833856 1955 | 1026
¢ 77° 93 1oed g 1o [ 8e3 [a25 [aen lioss
ThQse N3, 3901943 S [19s7]igvs 11994 {2140
Tlas () B[ 1404 |iys [aeR o8 182 s[1939 [r08:
START TIP;Z: lSTOP TIMF: ITUI‘AL RUN TIMF : hrs, min,

NAS LEMOORE (%0) 13700/184 [REY. 12-77) (FHONT)
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FNC CX H.)Ij 15 CX ,‘&lj

TF-41 PERFORMANCE CALCULATION RECCRD T,'ii _]_85‘?

WPEIEST T /(<

DATA PLATE ﬁ 4"1

ENGINE SERIAL NUMBER 14 %63

SEQUENCE NUMBER )

DATE | §" H-= 43

TEST CELL NUMRER o)

OPERATAR SR

IISFECTR BOE.I&N‘A

DATA TO BE STCRED/RECCRDED

DATA. 5‘"\;1,47 ',’f'élr/ S sl p” (‘/nLIU Srehd 58, 4/ (_',o-u_i_u' 715'8’4/
DFEW POINT 53 |53 |53 33 153 |<>» |s3 s>
PAYD -5 {a9-51 [31:5( 13151 |58 |53 | ri-@ 5.5
25 1 - 313N 30807 4 19935 19 3349 A | 43928 -

L . &4 e 163. [6d 63 fear K.
TF  (Fuel Temp) G, |¢. H5. BFs. 9. {9s. |9¢. [13.

« AL ARFA H5.77) : ' .

1AB SG .89 @ 60 ° Role bd °

P3 | 310|433 1437 (S5 | 3¢9 1439 (949 |58
™ 230 |24 130 1967 {79 [ 98 | 919 |93
RES, VALUE 4000 4,000 |4,000] 4,000] 4157 14137 [4.i3) Y137
J BOX TEMP (JBT) a© 19 . (9. (4. IR. 0. |9
ri0_oue 3300 {1000 [11600 HHOD 135D 11D | 1590 | 40
FAC 18145 [1of06 | #9793 |14565 | 9899 | jo4iR | D {14595
FNT 885 | o5 | 1310) 14815 | 90lpy | fesot | 190 | 1463
FNT 77° B 1053 | (1B MR [ 903 | 16557 | iala] (14613
NLO Obs BID 1740 (3150 [88d0 2365~ 115D 81D [48i0
ML 186219637 | <osie [ 90 1313 |11 | S |96
NHO Obs LS55 1R L irdd | 1685 | 154957111337 US| 13640
NHC g AR 13D (13581 | psas 1176 19608 {1553
. WFO  Obs 5330 11 735 9396 | £a¢f 16335717339 | 9340
WP 5313 | 5430 |26 |45 | £483 16556 | 3689 | 93
wrc 77° —

PS.1 Obs 33- 14981 {330 ) -4 4345 13% | 1234 H[.D
PSC S - 60 a3 1S 33| 13-65] 58 4095|6551 D345
E.P.R. 3o 12013 21331096 | 185) R 080 |10 R4S
DELTA P Obs 41.3 |48.6 1%.3 (3.0 [4{- QB4 |50 (63,0
WATC 310 o] -3 PR 9 |253.9 |91 -2 [9a471338-9 | F- |
5 Obs A 1486 194] 11035 ] 9§25 |51 | 448 11040
1¢_177° 953 (44 [ s 11013 | 810 | 993 |47 [1o3l
Thasc O IR V9% [t [ 6d 184 |14 Lara3
Qs (A) 158 [71413 19 {and [ e [ (a9
START TINrIE: lSTOP TiMn: JTOTAL RUN TIME hrs, min,

A ¥AS LEMOORE {80) 13700714 {(REV. 12-77) (FRONT)
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TF-41 PERFORMANCE CALCULATION RECORD ;’_: 1259 il lii:s%]éqq
EUGIME SERIAL NUMBER |2 9c, = |SEQUENCE NRBER — <3 DATE j & Aug 25
TEST CELL NUMEER _;[L OPERATAR  NJsprepd ISECTR Ro<s
DATA TO BE STCRED/RECCRDED
DATA S N A e R 6 7 8
DR POINT S |55 |ss |85
PAMB 29:86127:54L 29 L 29 .SL
P1 29.37 425 .36429.34 29 .30 - . . . .
bon e 1,75 8. R . . . .
TF (Fuel Temp) a,. 9S. 17. 99 . . . . .
. AL ARFA 45,7077
LAB  SG 21Me Lo ° . e °
P3 323 1435 14R95 |55©
T3 739 178S (830 1393
RES, VALUE 4,00614,3( 4 st 407
J BOX TEMP (JBT) 2. [G93. F4. B . . . .
FNO Obs 830 | ]OIOO | 16O0| 13400
FNC QI35 10393 11197013144
FNT GAS losx 112031113975
FNT77° GoeR |1953%5] 12111 |1dao
NLO Obs 13RI IR0 IRLTS
NLC 72314 {71 | R02413554
NHO Obs - hess (NG [l2ise (12579
NHC 11543 111730 | 12067 | 1247
. WFO Obs 5315 |53 2017410 | 88%0
WFC S492 16846 [Teg! 9250
wrc 71° ) ~L"50
‘ PS.1 Obs 24.7 {25.3 {34. 1 35.5} . . . .
P5C CSe IR LO LS LU e Fi] . . .
E.P.R, 1oL, 2]2:05 12195 |2.508] . . .
DELTA P Obs 42.3 U9.3 [Selo |53 . . . .
WAIC zc;z.z»‘il“zlo\ 249|244 . . . .
TS  Obs 343 1903 1957 | 1o
mse_17° 2 1923 982 |iws 5
TLQSC Al')'?; 19 {1913 [ 24
T1QS (A) 174 ofase 157 2 | s
START TIME: [ stop TR [rotar ruw Tog:  hrs.  min.
S ¥AS LEMOORE (0] 13700/18 (REY. 12-77) [FRONT)
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PCa jy3yz [ o jz 07
TF-41 PERFORMANCE CALCULATION RECORD o2 (;3 AL
FIGINE SERIAL NVBER |429%5¢,  [sequence mrmm 801 |mre /5, fo<
TEST CELL NUMRER f OPERAT(R IHS?ECTG?., '
DATA TO BE STCRED/RECCRDED
DATA F-/wlv g,»,/zu /Ensu 5',-1-1,‘/ ENETRVA EXZ A VDT I T
DRV _POINT 44 |44 |us |as |99 [y [yg | vz
PAYE 2990 29:9202.4-90)29- 90|21 90 | £5-99 |25 4y |¢ 799
Pl 9. 7042 1019684 2546129 . 72029 03 105 b h e 5.0
o $5. ISS. ISt |57 ¢z- |62 |2 bl
TF  (Fuel Temp) S 128 19. (g0 1723 5. e, gy
. AL ARFA 45, %49
LAB SG .¥1§5 @ © | «§703® L0 °
3] 3281425 |84 1323 920 1470 1590
4 ) 2031791 198K 1#47 |22l 2¢3 1792 1910
' RES, VALUE y \>\/ >\ \/( 928814273 v 25514 2¢%
5‘ J BOX TEMP (JBT) §< _ '>< > 92 9y BI. Hob
5 FNO Obs $Uc0 19710 )90l 30001 9 370] 5690 |1ians /9630
FNC boo |9291 a1 |m1se 550019517 Y4uo | 15092
FNT UL {000 2T 1#4216! 561y 19927 1//SSL 116133
FNT 77° 222 2170020 |10y 1ag292] 3¢ 32 FASD /589 |IS)7]
R L 1G6173824 12944 | Fseo 17190 | 750€ [7944 [2e4¢
f NLC 22060 Psyy 1148219603 | 7057 198331294 | 8815
: NHO Obs ‘ 11486 11200 {2040l /25900 10y50 111752 112071 12084
i MC U3 110327 12056 [pasws vy e (H206 1619 1274
. WFO Obs 129 8985 Do} |#772] 5075 s29c 015 14724
b e $360 1631 [240L |%e2 5202|6171 17296 [lom
v wre  77° 5{ 2 e el D B e
i PS.1 Obs 4"1-00 744130 405 V2347 {29, ¢ 21 et {93.0 -
| psc S+ 6188 <CY)h» 19]22:02)5 Y/ 1|5 % SUR 6D |24 =52
‘ E.P.R. le S2901+ G661 2 1 )0 305 |\ 9SG 12 D 5p |
? DELTA P Obs 0. & 1Y7. 0£5.0 |46, 6 0.2 194+ 3 Iy .2 70+ §
| e 2 D0g:01296.Y4 735 4| 255. 42007 [220.1 3¢+ |26 D
'i 5 obs 211990 /suq 541320 13291927 llosy
REERE 1995 [sp3e Ppe3 lary oy ANl 1945 liege
These 6511939 1966 (24572 193211956 (223
1105 (A) (LY L y7ys i LN Lo y6 74 112231599 ) <)
! START TITMEx LSTOP TIMF: TTOTAIT;UN TIMF. ¢ hrs, min,
IDle TiNeo [N0wl Sains Attt micimmy Teme. simie)

A-32




s

- . FXC CK 15 K
N TF-41 PERFORMANCE CALCULATION RECORD ::- zlLL ;:f ;fi:i
ENGINE SERIAL NUMBER /4 2 £ 79 |SEQUENCE NMBER ¢ s” |DATE 4/- /)7 - 9
| TEST CFLL NWMEER OFERATR Caifarind  |USPECTR 2 v .,
DATA TO BE STCRED/RECCRDED
— Tl [ largel el < , .
DEW POINT 46 lYy( ¥4 (74
PAMB 3006130 <94 | 3026 13005
B P2 2§ «F0425 « 8542734 A9524 - . . . e
" T1 sz St e s . . . .
TF (Fuel Temp) Gl GYe 732 75. . . . .
. AL ARFA YS.829
IAB SG .uq @ (0 ° . @ °
P3 393|428 %50 |50
T3 205 | 794 |2920 {35y
RES, VALUE \/
J BCX TEMP (JBT) /\ /.\ A . . . . .
FNO Obs g;yo‘ 100 50U ,l/&?o /3500
FNC 15632 /0080 ))1250113256
FNT $743 17229241 9c1/206?
FNT 77° y26  lro3i8 e/ 1113102
NLO 0bs 7221 1757327681 3yCh
l NLC 7220 (7214 | pors {98/
NHO Obs R ARZRVIA AR N
NHC 1HSselnasa lrize72{244¢
. WFO Obs S22 46136 12318 1932¢%
WFC sss216506172210 |93y
wre  77° - < N
‘ ! PS.1 Obs 2y {259 {334 {7981 . . . .
| Psc 5§00 L8ICY LY | et3 . . . .
, E.P.R, | 28 [)eq1S|L/C Y2327 . . .
: DELTA P Obs Gres [¥ 8 J5e] |LS L . . . .
' WAIC 5{10-0.‘ 222.31236.9 1252.9 . . . .
TS  Obs 97/ 992 1106372 1117&
i 5¢ 77° 7722 |1°36 |0y 1gy
ThQsc §goo {7905 |2029 |20l
TLQs (A) 169y 17215 1/1/2 1 2053
ATART TIME T aror 1 {TOTAL RUN TIME; _ hrs.  min,
i Tole TiE 50 s e e )™
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TF-41 PERFORMANCE CALCULATION RECCRD

FC K 1oy 1 4

1S ¢k 1O

T 2847

TYPE TEST 7 J.{

TS0 e—

DATA PLATE ¢ 7 3

ENGINE SERIAL NUMBER /(/2 [

SEQUENCE NMBER /92

DWE /€ AeGES

TEST CELL NMBER (777 ) orerat® /)y 0y o) ns.vscrm,é)cyhé o/
DATA TO BE STCRED/RECCRDED
DATA SHljpdet Fraghio | g /0 i g 6 7 A
DEW POINT C5Iss [$¢ |SS
PAMB 2960|2966 | 2960 |29 46¢
Pl 294442941 129 B8 {2a.%
''n 9. 6. g, BS.
TF  (Fuel Temp) qo. (9. i%. #¢. . .
. AL ARFA MS’\ 2&%
1AB SC . §235e 5O ° @ °
P3 277 ¢330 Hg0 |5€0
13 /3L |75 (¢ 25 |Yof
RES, VALUE RIS A S TR T
J BOX TEMP  (JBT) 7. 117, |lol e . .
FNO Obs §440 | jooce | 11940 | 13756
FNC K650 192 11796 | 142 19 ’
FNT £ 60 119354] yq00|14329
FNT 77° ¢ 7832 | (S| 1936|1434
NLO Obs 7336 | 7736 %125 1|¢69¢
NLC 7267|1663 | 083 | 628
NHO Obs NGEF (11920 [12195|1266€
e 1S6€1 1817 (1269012687
. WFD Obs C2IS|62501231%1(G9125
WFC 5493 |Cerae | 2610 |GT€S
wrc 77° — |-
PS.1 Obs 24.0 {79.0 §33.5 {Ho.b
PSC $4.92(60.23165 02 {Ic..5¢ . . .
E.P.R. 1.936 [7,013 {2178 {420
DELTA P Obs 6% 197.¢ 156.0 {66 .6 . . .
WAIC TN 2209 | z5¢.5 |58
TS Obs §72 400 |5y {109y
5¢  77° o ALY o 1 ya7¢
TLQSC 1755 118€] | jaac |21410
Qs (A) 1203 197373 U |2 13/
START TIP‘TE: [STOP TIMF: [TOTAL RUN T - hrs. min,

PAS LDACORE (80] 13700/14 (REV. 12-77} (FWONT)




APPENDIX B: FORTRAN Program Documentation and Source Coding
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T ak *
..C—% PROGRAM TF41 . *
N -'—* *
-9 % Je e ¢ Je o Fe de Fe de K de de de de o de de gk K do Kk Je ok Fe de Kok kg ok ek gk de kK gk Kk ok ok ok de ok ok ok Kk ke koK k ok gk oKk k ok ok kkkkkkk
C-*
‘c-*  PURPOSE:

- THIS PROGRAM CALCULATES A CORRELATION COEFFICICZHT TO ESTIMATE
=" THE AMOUNT OF OXIDES OF NITROGEN PRODUCED DURING TF41 ENGINE
C-* TESTING. THE CORRELATION COEFFICIENT IS EXPRESSED AS AN

- WEMISSIONS TO FUEL RATIO" WHICH ESTIMATES TOTAL NOx EMISSIONS
- ON THE BASIS OF TOTAL FUEL USE ALONE. :
C-*%
~—k PROGRAMMER:
—% VERONICA J. HOBAN
Cc-* AIRCRAFT ENVIRONMENTAL SUPPORT OFFICE
C-* NORTH ISLAND, CA
—% AUGUST 12, 1987
-
C-* VARIABLES: .
—% IDENTIFIER TYPE DESCRIPTION
-
c-* KOUNT INTEGER # OF ENGINE TEST RUNS
Crek N INTEGER # OF ENGINE POWER SETTINGS PER TEST
- IESN INTEGER ENGINE SERIAL # (LIMITED TO 6 DIGITS)
NE J,K,L INTEGER MONTH,DAY,YEAR OF ENGINE TEST RUN
c-* RPM REAL ENGINE POWER SETTING IN rpm
% THRUST REAL ENGINE THRUST IN POUNDS
o— FUEL REAL ENGINE FUEL RATE PER POWER SETTING IN
C-* POUNDS /HOUR
Lok TIME REAL TIME AT A GIVEN POWER SETTING IN MINUTES
—% EI REAL EMISSION INDEX EXPRESSED AS POUNDS OF
c-* OXIDES OF NITROGEN PER 1000 POUNDS OF
ek " FUEL
-k FUELUSE REAL POUNDS OF FUEL USED PER POWER SETTING
-k NOX REAL POUNDS OF OXIDES OF NITROGEN RELEASED
c-* PER POWER SETTING
— TFUEL REAL TOTAL FUEL USE IN POUNDS FOR THE ENGINE
— TEST RUN
C-* TNOX REAL TOTAL AMOUNT OF OXIDES OF NITROGEN

-k RELEASED FOR THE ENGINE TEST RUN

-* COEFF REAL CORRELATION COEFFICIENT FOR EACH ENGINE

C-* TEST RUN

r-* ACOEFF REAL AVERAGE CORRELATION COEFFICIENT FOR ALL

—* TEST RUNS IN THE INPUT DATA FILE

o—%

C-* ADDITIONAL VARIABLES WERE USED AS TEMPORARY STORAGE

-k
o=k INPUT:

C-* THE INPUT DATA FILE IS "ENGINE.DAT", AND READING OF THE DATA

T=k IS LIST DIRECTED.

- THE 1st RECORD CONTAINS "“KOUNT" WHICH APPEARS ONLY ONCE IN

C-%* THE DATA FILE.
peC=k THE NEXT N RECORDS CONTAIN "THRUST,RPM, FUEL,TIME" WHICH MUST
Col=k BE EXPRESSED AS REAL VALUES (DECIMAL POINT INCLUDED).

c—* EACH SUBSEQUENT .SET OF ENGINE RUN DATA IS ENTERED IN A
. C-* SIMILAR MANNER.

-k

[ 4
- OUTPUT:
C-» THE OQ?PUT DATA FILE IS THE STANDARD OUTPUT DEVICE (LINE
B-1




F----I--I-------------—-—-—-—-—-

- PRINTER "LPT1"). THE OUTPUT IS NOT STORED ON DISK.

-
.C=% METHOD: .

sk THE CALCULATION METHOD USED IN THIS PROGRAM IS DESCRIBED

- IN AESO REPORT No. 4-85 (JULY 1985) & AESO REPORT No. 10-87
C-* (NOVEMBER 1987) .

It

-* RESTRICTIONS:

C=* THIS PROGRAM IS DESIGNED FOR THE TF41 ENGINE. IT MAY BE USED
- C~% FOR OTHER ENGINE TYPES AFTER SOME MINOR MODIFICATION.

-% 1. REVISE HEADER FORMAT TO REPRESENT ALTERNATE ENGINE TYPE
- 2. REVISE THE LINE EI=a*EXP(b*THRUST) TO INCLUDE VALUES OF
C-* a AND b WHICH REPRESENT THE ALTERNATE ENGINE TYPE

=% 3. REVISE FINAL FORMAT STATEMENT TO REPRESENT ALTERNATE

-* ENGINE TYPE.
Ckkdkhhkhkhhkhhhhhhhkdkkhkdkhhhhkhhkhhkhkhkhkkkhhhhhhhhhhhhhhhhhhkhhhhkhhhhkhkhkkkkdk
~ek

PROGRAM MAIN
REAL*4 NOX
OPEN(50,FILE='ENGINE.DAT',6 STATUS='0OLD')
OPEN(6,FILE='LPT1',S,/ATUS='OLD')
READ(50,*) KOUNT
TCOEFF=0.0
DO 10 I=1,KOUNT,1
READ(50, *,END=999) N,IESN,J,K,L
WRITE(6,9000) I,IESN,J,X,L
2000 FORMAT('1',T10,'TABLE ',I2,'. Emission of oxides of nitrogen',

1l 1X,'from the testing of'/
2 T10,'a TF41 engine at NAS Lemoore',
3 1X, ' (Engine Serial Number: ',I6,')'//
4 T1i0,'Date: ',I2,'/',1I2,'/',14//
5 T11, 'RPM',4X, "THRUST', 3X, 'FUEL FLOW',3X, 'TIME',
6 3X, 'FUEL USE',3X,'EI',3X, 'POUNDS NOx'/
7 T19,'(1b) ',5X, ' (1b/hr) ', 4X, ' (MIN) ', 4X, ' (1b) '/)
TNOX=0.0
TFUEL=0.0
DO 20 M=1,N,1
READ(50,*) THRUST,RPM,FUEL,TIME
EI=2.02*EXP(1.76E-4*THRUST)
FUELUSE=FUEL* (TIME/60.)
NOX=EI*FUELUSE/1000.
TNOX=TNOX + NOX
TFUEL=TFUEL + FUELUSE
IRPM=JFIX (RPM)
‘ ITHRUST=JFIX (THRUST)
IFUEL=JFIX(FUEL)
ITIME=JFIX(TIME)
IF(M.EQ.17) THEN
WRITE(6,9050) I
9050 FORMAT('1',T10, 'TABLE ',I2,' (continued)'//
1l T1l1, *RPM!', 4X, 'THRUST',3X, 'FUEL FLOW',3X, 'TIME',
2 3X'FUEL USE',3X,'EI',3X, 'POUNDS NOx'/
3 T19,'(1b)',5X,' (lb/hr) ', 4X, ' (MIN)',4X, "' (1b)'/)
WRITE(6,9100) IRPM, ITHRUST, IFUEL, ITIME, FUELUSE,EI, NOX
ELSE
WRITE(6,9100) IRPM,ITHRUST,IFUEL,ITIME,FUELUSE,EI,NOX
9100 FORMAT(' ',T10,IS5,3X,15,5X,I5,6X,I3,4X,F7.1,3X,
1 F5.2,3X,F6.2/)
ENDIF
20 CONTINQF
B-2
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COEFF=TNOX/TFUEL
TCOEFF=TCOEFF + COEFF
WRITE(6,9200) TFUEL,TNOX,COEFF.

‘200 FORMAT('0!,T10, 'Pounds of fuel used in test',9X,F7.1//

1 T10, 'Pounds of NOx per test',632X,F6.2//

2 T10, 'Pounds of NOx per pound of fuel used in test = ',F7.5//)
0 CONTINUE

ACOEFF=TCOEFF/FLOAT (KOUNT)
WRITE(6,9300) ACOEFF :
9300 FORMAT('1',T10,'THE AVERAGE CORRELATION COEFFICIENT FOR THE'/
1 T10, 'TF41 ENGINE IS ',F7.5/)
.39 CONTINUE
CLOSE (50, STATUS="'KEEP')
CLOSE (6)
STOP
END
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